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Abstract

Background Postoperative atrial fibrillation (POAF) after open-heart surgery is a non-negligible complication. We
aimed to describe the efficacy of a transdermal patch of bisoprolol for managing POAF and flutter in thoracic surgical
procedures.

Methods \We analyzed the data of 384 patients who underwent open-heart surgery at our hospital and received oral
bisoprolol to prevent POAF. Among them, 65 patients (16.9%) also received a 4-mg transdermal patch of bisoprolol to
control the heart rate due to POAF. We applied the bisoprolol transdermal patch when the heart rate was >80 bpm
and removed it at <60 bpm; an additional patch was applied when the heart rate was > 140 bpm. Heparin calcium
injections were administered twice daily for anticoagulation between 2 and 6 days postoperatively.

Results The average number of prescriptions for transdermal patches of bisoprolol during hospitalization was
1.8+ 1.1 (1-5). The median first prescription date was on postoperative day 2 (range: days 0-37). Sinus rhythm
recovered within 24 h in 18 patients (27.7%). Eight patients (12.3%) were switched to continuous landiolol

infusion because of persistent tachycardia. In three patients, the transdermal patch was removed owing to severe
bradycardia. Fifteen patients experienced persistent atrial fibrillation and were treated with electrical cardioversion
during hospitalization. We did not observe any serious complications that could be directly attributed to bisoprolol
transdermal patch use.

Conclusions Single-use bisoprolol transdermal patch may help control the heart rate during the initial treatment of
POAF after open-heart surgery.
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Background

Postoperative atrial fibrillation (POAF) after open-heart
surgery is a non-negligible complication that can induce
hemodynamic disruption and embolism, thereby com-
plicating circulatory management and necessitating
anticoagulation [1]. The 2014 American Association for
Thoracic Surgery (AATS) guidelines recommend the
continuous use of beta-blockers for the treatment of
POAF [2], and intravenous landiolol is currently avail-
able and used for this purpose, exclusively in Japan [3]. In
other countries, esmolol is the more commonly available
B-blocker used for the treatment of POAF. However, in
repeated sinus rhythm and atrial fibrillation (AF) cases,
strict infusion and management may be complicated and
economically challenging.

Recently, a transdermal beta-1 (B1) blocker (Bisono
tape®, a transdermal patch of bisoprolol [TDPB]) has
become available in Japan. It is relatively inexpensive,
easy to use, and easy to remove. In single use, the blood
concentration of transdermally absorbed bisoprolol rises
more slowly and peaks lower compared to oral adminis-
tration. Furthermore, if the patch is removed at 4 h after
attachment, the blood concentration slowly decreases
from 4 h after that time. Conversely, if the patch is
retained for 12 h before being removed, the plasma biso-
prolol level remains as if the patch was still attached for
24 h after removal [4] (Fig. 1). Previously, we investigated
whether this TDPB can be safely used as an initial treat-
ment for POAF, as this method has become increasingly
popular in Japan [5]. According to recently emerging
reports on TDPB from other facilities, TDPB is well tol-
erated and effective in patients with AF after noncardiac
surgery [6]. The incidence of POAF in TDPB users is
lower than that in oral B-blocker users after cardiac
and/or thoracic aortic surgery [7]. Despite differences
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Fig. 1 Midway peel test: changes in the plasma bisoprolol levels. This fig-
ure was reprinted from the article (Reference #4) with the author's per-
mission, and some parts were translated into English and reorganized. At
approximately 4 h after the patch is removed after a single use, the plasma
bisoprolol level gradually decreases
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in use, the indications of TDPB for POAF cases have
been expanded. Our previous study lacked detailed data
on individual cases. The present study comprised an
expanded investigation that included a larger sample and
detailed data on additional parameters, such as opera-
tion time, preoperative ejection fraction, preoperative
creatinine, patch application day, and other medications
in individual cases. We aimed to describe the efficacy of
TDPB in patients with POAF after open-heart surgery.

Methods

This study comprised an expanded investigation that
included a larger sample and detailed data on additional
parameters, such as operation time, preoperative ejec-
tion fraction, preoperative creatinine, patch application
day, and other medications in individual cases. We aimed
to describe the efficacy of TDPB in patients with POAF
after open-heart surgery.

Patients and data collection

Among 384 adult patients who underwent open-heart
surgery at Okamura Memorial Hospital between Decem-
ber 2013 and March 2017, we searched the pharmacy
department’s database and extracted details of cases
wherein TDPB was used after open-heart surgery. The
respective medical records were extracted from the
medical record system and retrospectively analyzed.
Data obtained included age, sex, disease, comorbidities,
operation type, preoperative ejection fraction, preop-
erative creatinine, operation time, use of medications,
electrocardiogram  history, final electrocardiogram
at discharge, history of electrical defibrillation, use of
landiolol, and the number of Bisono tape® patches used.
The definition of POAF was new-onset AF sustained for
over 30 s, detected by either continuous telemetry in the
intensive care unit, standard 12-lead electrocardiogram,
or implanted devices. This study was conducted in accor-
dance with the principles of the Declaration of Helsinki.
The Institutional Review Board of Okamura Memorial
Hospital approved the use of patient data for this retro-
spective study (approval number: A020-003, approval
date: December 21, 2020). The need to obtain informed
consent was waived by the Institutional Review Board of
Okamura Memorial Hospital because of the retrospec-
tive nature of this study.

Protocols

The prophylaxis and anticoagulation procedures for
POATF at our institution were as follows: oral 1 blocker
(bisoprolol; 1.25 mg) was administered twice daily start-
ing from the 1st day after open-heart surgery. The dose
was increased to 2.5 mg twice daily starting from day 2,
but not in cases of bradycardia with a heart rate (HR)
of <60 bpm. Patients with a low risk of postoperative
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rebleeding (determined on a case-by-case basis by the
attending physician) were treated with subcutaneous
heparin calcium starting from the second postoperative
day, with 5,000 units twice daily for 5 days. In patients
receiving warfarin, heparin calcium was discontinued
when the prothrombin time-international normalized
ratio was >1.5. In cases, in which POAF developed and
the patient was symptomatic despite the above treat-
ments, a Bisono tape® transdermal patch was applied.
Our protocol is shown in Fig. 2. One patch (4 mg) was
applied when the HR was >80 bpm, and symptoms, such
as palpitations and hypotension, were present. If the HR
decreased to <60 bpm, the patch was removed and reap-
plied if POAF recurred. If the HR remained >140 bpm, an
additional patch was applied. If the above did not induce
a response and the patient remained symptomatic, a con-
tinuous infusion of landiolol was initiated.

Statistical analysis

Data are expressed as means+tstandard deviations (min-
imum-maximum). Median values were calculated using
Microsoft Excel 2019, version 2005 (Microsoft, Red-
mond, WA).

Results

Sixty-seven of the 384 patients received TDPB. Two
patients were excluded; in one the patch was used for
HR control after a spontaneous return to normal sinus
rhythm, and in the other, it was used for blood pres-
sure control. The remaining 65 patients (16.9%) were
included in the study analysis. Details of cases using the
TDPB are shown in Table 1. The mean age was 72.7£10.7
(range, 53—93) years. There were 30 men and 35 women
included. Regarding the operation type, there were 51
cases of valve-related surgery, including 15 cases of maze

‘ Open-heart surgery: 384 cases ‘

/ N

POAF ; HR > 80 bpm with symptom: 65 cases No POAF or
Bisono tape® (4 mg) POAF; HR < 80 bpm or no symptom: 317 cases

/o1 N\ ~

Follow-up
HR<60bpm  Sinus recovered or HR>140 bpm
POAF; HR 60 - 140 bpm, or
| s
Bivons tapes Bisono tape® added: 7 cases
Removed: 3 cases Follow-up:
51 cases \
Follow-up: 3 cases Landiolol: 8 cases

Fig.2 Protocol for postoperative atrial fibrillation. One Bisono tape® patch
(4 mg) is applied for symptomatic patients with a HR of >80 bpm. The
patch is removed if the HR drops below 60 bpm. If POAF occurs again, the
patch is reapplied. If the HR remains at > 140 bpm, another patch is added.
If the above does not yield favorable results and symptoms persist, a con-
tinuous infusion of landiolol should be administered. HR: heart rate; bpm:
beats per minute; POAF: postoperative atrial fibrillation
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procedure or pulmonary vein isolation surgery, six cases
of coronary artery bypass surgery alone, two cases of
Bentall surgery, five cases of thoracic aortic aneurysm
resection, and one case of ventricular septal perforation
occlusion. The average number of Bisono tape® prescrip-
tions during hospitalization was 1.8+1.1 (range, 1-5). In
some cases, the tape was used daily because the patient
remained in AF, while in others, one tape was prescribed
for every POAF. The median first prescription date was
postoperative day (POD) 2 (range, POD 0-37). In addi-
tion, 18 out of 65 patients (27.7%) recovered sinus rhythm
within 24 h. The treatment of eight patients (12.3%) was
switched to continuous infusion of landiolol due to tachy-
cardia. In four cases, the patient’s treatment was switched
to an infusion of landiolol without additional TDPB. Fif-
teen patients experienced persistent AF and were treated
with electrical cardioversion during hospitalization.
There were no serious complications (prolonged severe
bradycardia, shock, etc.) that could be directly attributed
to Bisono tape®. The TDPB was withdrawn from three
patients with severe bradycardia (HR 30-40 bpm) early
in this study. These patients subsequently recovered. One
of the patients also simultaneously received a continuous
infusion of low-dose dopamine. Five patients were dis-
charged with AF. Despite using the POAF protocol, there
were 15 cases, in which other drugs (digitalis, amiodaron,
and verapamil around TDPB use) were used based on
the judgment of the attending physician or the doctor on
duty regarding the condition of the patient. One patient
had a pacemaker implanted because of persistent sick
sinus syndrome. There were three deaths, which were
deemed unrelated to the use of TDPB.

Discussion

In this study, we tested the efficacy of the TDPB in
patients with POAF after open-heart surgery. Of the 65
patients who developed POAEF, landiolol use was avoided
in 57 (87.7%) patients. TDPB could be implemented as
a safe and easy-to-use initial treatment for POAF after
open-heart surgery.

Bisono tape® was the first TDPB developed in Japan
and the first transdermal absorption-type 1 blocker to
be developed globally; it is characterized by its ability to
maintain a more stable blood concentration with con-
tinuous use compared to oral drugs [8]. The TDPB was
launched in 2013 in 4-mg and 8-mg dosage forms; cur-
rently, a 2-mg dosage form is also available. Initially, it
was indicated only for hypertension, but an indication
for AF has recently been added. The most common side
effects observed include pruritus, dermatitis, and ery-
thema at the application site as well as abnormal labo-
ratory changes, such as increased levels of triglycerides
and alanine aminotransferase (glutamic pyruvic trans-
aminase). As the patch is simply applied to the skin, it can
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Table 1 Details of cases in which transdermal patches of bisoprolol were used for postoperative atrial fibrillation

Age Disease Comorbidities Operation Op EF Pre- Patch No. Medications 24h Final Complica-
range Type time (pre-op) op applied of sinus ECG tion
(years) (min) Cr (POD) piec-
es
used
80-89 MR, TR, PAF HT, DL MAP, TAP, PVl 256 68.9 06 4 1 + Sinus
70-79 IHD HT, DL, DM, obe.  OPCAB 227 616 1 1 1 Sinus
50-59 IHD obe. OPCAB 334 424 08 1 1 Sinus
60-69 MR, AF HT, DL, obe. MAP, MVP, 245 648 15 1 1 AF DC
maze removal
80-89  VSP HT, DL, DM VSP repair 277 44.0 09 2 1 Sinus Death
(2 POD)
80-89  ASR, IHD HT AVR,CABG 272 560 08 0 1 Sinus
70-79 MR, PAF MVR, maze 324 604 1.1 7 1 + Sinus
70-79 IHD HT, DL, DM MAP.CABG 393 387 15 2 1 Sinus
80-89 IHD HT, DM, HD AVR,CABG 273 649 85 8(2),24 3 Sinus
70-79 DAA HT TAR 415 61.9 05 2,57 3 Verapamil Sinus
70-79 AS HT, DM AVR 196 510 06 7,8 2 Sinus
70-79 AS DL AVR 221 66.0 06 3 1 + Sinus
70-79  AS,OMI HT, DM, HD AVR 244 383 85 8 1 + Sinus
70-79 AR HT AVR (re-do) 333 594 131 3(2) 2 Landiolol + Sinus DC
80-89 MR, TR, PAF MVP, MAP, 251 63.7 05 3 1 + Sinus
TAP. maze
70-79 AR, MR, TR, HT, DL, obe. AVR, MAP, 288 394 38 3 1 Sinus
PAF maze
60-69 IHD HT, DL, DM, obe OPCAB 301 50.0 12 1 1 + Sinus
50-59 TAA HT Desc. Arepl. 562 36.5 07 2(2), 4 Landiolol Sinus DC
3,4 Digitalis
50-59  AAE AR HT, DL, obe. Bentall 338 484 072 2 1 + Sinus
80-89 IHD, MR MAP CABG 357 194 111 8 1 Sinus Removal
80-89 AS HT AVR 198 60.4 078 2(2) 2 Landiolol Sinus
Digitalis
Verapamil
60-69 AS HT, DL, DM AVR 219 64.8 094 0 1 Landiolol Sinus
50-59 MR, TR, AF MAP, TAP, 281 359 082 07 2 AF RR7->DOA
maze removal
70-79  AS,MR, AF DL, obe. AVR, MVP, 244 529 081 3 1 Sinus DC
maze
60-69  ASR, PAF obe. AVR,maze 239 347 151 10 1 Verapamil Sinus DC
60-69 IHD, AR HT, DL, DM AVR,CABG 377 274 1.04 34 2 Digitalis + Sinus
30-39 MR MAP, MVP 243 663 082 3 1 + Sinus
80-89 RV HT CABG 180 63.5 086 45 2 u/i Cl, death
perforation (emerg) RV (30 POD)
repair
70-79 AR AVR 231 39.1 1 1242) 4 Sinus
60-69 IHD HT, obe., HD CABG 269 234 106 357 3 Sinus
90-99 ASR HT, DL AVR 240 61.5 1 2,79 3 AF DC
80-89 AS HT AVR 197 63.0 144 1 1 Sinus
60-69 MR, TR HT, obe.,, HD MAP, MVP, 210 57.8 047 8 1 Amiodaron + Sinus
TAP
80-89 IHD, AS HT, DL, obe. AVR,CABG 334 608 07 1 1 Amiodaron + Sinus
70-79  IHD, AS HT, obe, HD AVR,CABG 275 659 1 234, 5 Sinus
56
70-79 MR, TR, HT, DL MAP, TAP, 334 340 14 58 2 Sinus DC
OMI CABG, maze
60-69 MR, TR HT, obe.,, HD MVR, TAP 435 62.6 07 678, 5 Amiodaron Sinus Temp.

10,13 pacing
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Table 1 (continued)

Age Disease Comorbidities Operation Op EF Pre- Patch No. Medications 24h Final Complica-
range Type time (pre-op) op applied of sinus ECG tion
(years) (min) Cr (POD) piec-
es
used
60-69 AR, MR, TR, HT AVR, MAP, 303 300 1.1 7 1 Sinus DC
AF TAP. maze
70-79 MR, TR H, DM, obe. MVR, TAP 354 615 08 3 1 Sinus Death
(1'm)
80-89 IHD HT, DL, DM CABG 280 42.0 27 4 1 Landiolol Sinus
amiodaron
70-79 AR, AAE HT, DL AVR, Asc Ao 350 448 093 258 3 Amiodaron Sinus DC
repl.
60-69 MR, TR, AF MVR, TAP, 246 489 075 0 1 Sinus
maze
70-79 AR HT AVR (re-do) 333 594 131 2(2) 2 Landiolol Sinus DC
50-59  AS, Asc. AA AVR, Asc Ao 305 546 084 0 1 Sinus DC
repl.
70-79 HD HT, DM, obe. AVR,CABG, 297 623 07 26 2 Sinus
myectomy
50-59 AAE AR HT, DL, obe. Bentall 338 484 072 2 1 Landiolol Sinus
70-79  TAAA HT, DL, DM TAAA repl. 408 583 139 2 1 Landiolol Sinus
70-79 MR, TR, AF MVR, TAP, 251 57.0 111 17,20 2 Sinus DC
maze
80-89 ASR Obe AVR 193 655 058 1 1 + Sinus
70-79 AS HT, DL AVR 217 60.7 06 37 1 Sinus
80-89 AS HT, DL AVR 227 617 07 5 1 + Sinus
80-89 AS HT, DL AVR 229 56.1 114 234, 5 Pacing PM (SSS)
6,11
60-69 MSR, TR, AF HT, DL, DM MVR, TAP, 219 549 193 5 1 Sinus DC
maze
80-89 AS obe. AVR (re-do) 298 49.8 078 1,57, 4 AF
12
70-79 AS HT, DL, obe. AVR 167 50.2 084 2 1 Sinus
70-79 MR, TR, IHD HT,DL MVP, MAP, 311 577 127 1 1 + Sinus
TAP, CABG
80-89 AS HT AVR 162 523 107 13 2 + Sinus
60-69 MS,AS, TR DL, obe. DVR, maze 267 58.2 117 3024 3 Digitalis Sinus DC
Amiodaron
60-69 TAA HT Total arch 426 634 099 1 1 + Sinus
50-59 IHD, AR HT, DL, obe. AVR,CABG 361 585 099 89 2 Verapamil Sinus DC
60-69 AS AVR 168 62.5 095 1 1 Sinus
70-79 ltsubcl. AA HT, DL, DM Total arch, 390 600 047 1.2 2 Digitalis Sinus
omen.
70-79 AR, TR, PAF AVR, TAP PVI 228 458 084 101718 3 Amiodaron AF
Digitalis
90-99  AS, OMI AVR 205 507 074 3 1 Sinus
70-79 MR, HOCM HT, DL MVR, 226 61.8 052 12 1 + Sinus
myectomy

The mean operative time was 286.5+75.8 (range, 162-562) min. The mean preoperative EF was 53.2+11.6% (range, 19.4-68.9%). The average number of Bisono tape
prescriptions during hospitalization was 1.8+ 1.1 (range, 1-5). The median first prescription date was on POD 2 (range, POD 0-37)

Abbreviations: AAE: aortic annular enlargement; AF: atrial fibrillation; AR: aortic valve regurgitation; AS: aortic valve stenosis; Asc, AA: ascending Asc. Ao: ASR: aortic
stenosis and regurgitation; AVR: aortic valve replacement; Cl: cerebral infarction; CABG: coronary artery bypass grafting; Cr: creatinine; DAA: dissecting aneurysm
of the aorta; DM: diabetes mellitus; Desc. A: descending aorta; DC: direct current cardioversion; DL: dyslipidemia; DOA: dopamine; DVR: double valve replacement;
ECG: electric cardiogram; EF: ejection fraction; emerg.: emergent; HR; heart rate; HT: hypertension: HOCM: hypertrophic obstructive cardiomyopathy: IHD: ischemic
heart disease; MAP: mitral annulus plasty; MVP: mitral valve plasty; MR: mitral valve regurgitation; MVR: mitral valve replacement; MS: mitral valve stenosis; It. subcl.
AA: subclavian arterial aneurysm; Obe: obesity; OMI: old myocardial infarction; omen: omental packing; Op: operation; OPCAB: off-pump coronary artery bypass;
PM: pacemaker; PAF: paroxysmal atrial fibrillation; POAF: postoperative atrial fibrillation; POD: postoperative day; repl.: replacement; PVI: pulmonary vein isolation;
RR: RRinterval; RV: right ventricle, SSS: sick sinus syndrome; TAA: thoracic aortic aneurysm; TAAA: thoracoabdominal aortic aneurysm; TAP: tricuspid annulus plasty;
TAR: total arch replacement; Temp.: temporary; TR: tricuspid valve regurgitation; u/i: unidentified; VSP: ventricular septal perforation
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be used in patients who cannot take oral medications.
Considering the characteristics of this patch formula-
tion, we believe its use may help avoid the side effects of
oral B-blockers, such as severe bradycardia and cardiac
depression, when applied during POAF. Bisono tape®
4 mg is equivalent to 2.5 mg of bisoprolol tablets [9], and
its blood concentration is stable when used continuously.
Therefore, when Bisono tape® is used immediately after
surgery as a prophylactic for POAF, the drug’s effect is
gradually diminished and may be prolonged, even if the
patch is removed due to severe bradycardia. However,
single-use applications are relatively safe because of the
diminished effect of the patch [4].

POAF after open-heart surgery affects approximately
15-60% of patients, often during POD 2-4, and its inci-
dence decreases with decreasing inflammatory find-
ings [10]. The AATS guidelines recommend HR control
resulting in sinus rhythm. In other countries, esmolol is
available as a B-blocker for the treatment of POAF. How-
ever, in Japan, the use of esmolol is limited to monitored
and intraoperative use. Although short-acting landio-
lol infusion is useful for this purpose, it is complicated,
difficult to specify the infusion rate, and expensive [3].
Amiodarone is also effective [11]; however, the blood
concentration is not readily elevated by this drug, and
concomitant use with B-blockers might likely induce bra-
dycardia. In addition, the half-life after the withdrawal of
long-term amiodarone treatment can be up to 100 days
[12]; moreover, amiodarone is difficult to use because it
enhances the effects of warfarin and causes serious side
effects, such as pulmonary fibrosis and liver damage,
although rarely. Calcium channel blockers are recom-
mended only when p-blockers are not available because
of their strong cardiac depression. Furthermore, sodium
channel blockers can cause ventricular tachycardia due to
QT prolongation, and digitalis is not recommended due
to problems, such as toxicity.

Among the 384 patients who underwent open-heart
surgery in our study, 65 (16.9%) developed POAF
and were prescribed Bisono tape’. Eighteen of the 65
patients (27.7%) recovered to sinus rhythm within 24 h
after application of the drug. Although this was not the
only effect of the drug, the concomitant use of an oral
B-blocker made the treatment effective. We were unable
to investigate HR control in detail; however, we observed
a gradual reduction in HR after patch application, as
previously reported [6, 13], which may have contrib-
uted to the reduction in symptoms. Bisono tape® is bet-
ter tolerated than a continuous infusion of landiolol and
does not interfere with patients’ activities of daily living.
At a price of ¥86.6 (0.8 USD) per 4 mg, Bisono tape® is
also less expensive than landiolol infusion (¥6,577 [63
USD] per 50 mg). In this study, landiolol was required
in eight (12.3%) out of 65 patients. As POAF can occur
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at any time of the day or night, it is very labor-intensive
for medical staff to respond to each incident. The proto-
col we developed is straightforward and helps reduce the
workload of medical staff.

We hope that the same POAF protocol will also be use-
ful in outpatients who may have paroxysmal AF. Wear-
able wristwatches could be used to diagnose paroxysmal
AF [14] and may allow HR estimation to prompt patch
removal or initiate automatic hospital calls.

This study had several limitations. First, this was a sin-
gle-center retrospective study involving a small sample
size, which may have led to selection bias. Second, we did
not include a control group. Third, the effect of HR con-
trol from POAF resulted from oral bisoprolol and other
arrhythmic drugs in addition to the TDPB; therefore, no
simple conclusions, such as the effect of the patch alone
or whether the use of the patch can help avoid the side
effects of oral beta-blockers, can be drawn. Thus, a pro-
spective randomized controlled study is required to vali-
date the safety and efficacy of the TDPB in patients with
POAE

Conclusions

We examined the efficacy of a bisoprolol transdermal
patch for managing POAF and flutter in thoracic surgi-
cal procedures. We found that single-use TDPB may be
an option for HR control during the treatment of POAF
after open-heart surgery.

List of Abbreviations

AATS American Association for Thoracic Surgery
HR Heart rate

POAF  Postoperative atrial fibrillation

POD Postoperative day
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